Background: As demonstrated by the United Nations High-Level Meeting on tuberculosis (TB) held in September 2018, the political momentum for TB has been increasing. The aim of this study was to analyze the current challenges and opportunities for global TB control and, with specific focus on policies surrounding TB control, to reveal what kinds of efforts are needed to accelerate global TB control. Methods: We organized two expert meetings with the purposes of assessing the current situation and analyzing challenges regarding TB control. By applying Shiffman and Smith's framework which contains four categories; Actor, Ideas, Political context, and Issue characteristics, we analyzed the challenges and opportunities for global TB control based on the findings from the two expert meetings. Results: In the Actor Category, we found that although there has already been active engagement by non-governmental organizations (NGOs), civil society organizations (CSOs) and private sectors, there still remained an area with room for improvement. In particular, the complexities behind varying drug regulatory and procurement systems per country hindered the active participation of the private sector in this area. As for the Ideas category, due to an increasing threat of antimicrobial resistance and growing number of global migrations, TB is now widely recognized as a health security issue rather than a purely health issue. This makes TB an easier target for political attention. As for the Political category, having the UN High-Level Meeting itself is not enough; such meetings must be followed up by actual commitments from heads of states. Lastly the issue characteristic indicates that the amount of funding for R&D for new drugs, vaccines and diagnostics for TB is not at an adequate level, and investment in childhood TB and missing cases are particularly in need. Conclusions: This study provides important insight into the current status of global efforts toward end TB epidemic. The outcomes from the UN high-level meeting on TB need to be closely monitored will be crucial for the progress towards this goal.
Background
Tuberculosis (TB) is the leading cause of death from communicable diseases worldwide; every year, 10.0 million people develop TB and 1.6 million people die from the disease [1] . TB is listed as a major health challenge in the Sustainable Development Goals (SDGs) as stated in Goal 3.3: "by 2030, end the epidemics of HIV/AIDS, TB, Malaria and neglected tropical diseases and combat hepatitis, water-borne diseases and other communicable diseases." The first global ministerial conference on ending TB in the sustainable development era was held in November 2017, and the "Moscow Declaration to End TB" was adopted. Most recently, in September 2018, the first United Nations high-level meeting on TB was held. There is clearly a strong political momentum at the global level for ending the TB epidemic by 2030.
Despite significant progress in the past decades, at the current rate of progress, the SDG target on TB will not be achievable [2] . Currently, the annual rate of decline in TB incidence is around 1-2% while the rate would need to be 4-5% by 2020 and over 10% by 2025 in order to achieve the goal of ending the epidemic by 2030 [3] . Moreover, new challenges are emerging, including an increase of multi-drug resistant tuberculosis (MDR-TB), a large number of missing cases (the 6.4 million cases reported represented 64% of the estimated 10.0 million new case that occurred in 2017), and global migration, which will impose a huge financial and political burden on the TB control [4] . In this paper, we analyze the current status and challenges for TB control with specific focus on policies surrounding TB control so as to reveal what kinds of efforts are needed to accelerate global TB control.
Methods
Several analytical frameworks have been developed in global health policy analysis including those proposed by Shiffman (2007) , Shiffman and Smith (2007) , Clark (2000) and McAdam (1990) [5] [6] [7] [8] . In this study, we applied Shiffman and Smith's framework which contains four categories; actor, ideas, political context, and issue characteristics. The definitions of each category are summarized in Table 1 .
Authors from the Institute for Global Health Policy Research (iGHP), National Center for Global Health and Medicine (NCGM) and the Department of Global Health Policy (GHP), University of Tokyo organized two expert meetings. The purposes of these meetings were to assess the current situation and analyze challenges regarding prevention and control of TB, and to identify types of efforts needed to accelerate global TB control.
The first meeting was held in April 2018 and was attended by a wide range of experts including officials from the Japanese government, Japan International Cooperation Agency (JICA), NCGM, Japan Anti-Tuberculosis Association (JATA), the Global Fund to Fight AIDS, Tuberculosis and Malaria (the Global Fund) and others. The second meeting was held in May 2018 and open to the public. In addition to the organizations above, the meeting was attended by representatives from non-governmental organizations (NGOs), civil society organizations (CSOs), and the private sector (mainly pharmaceutical and medical device companies). Based on the discussion at the two meetings, we categorized main findings into four categories according to Shiffman and Smith's framework. 
effective interventions
The extent to which proposed means of addressing the problem are clearly explained, cost-effective, evidence-based, easy to implement and affordable
Patient and public involvement
Patients and members of the public were not directly involved in this study. This study is a policy analysis and does not focus on any individuals nor general public.
Findings
Seventy-seven people attended the meetings; 8 (10%) were public officials, 18 (23%) were from the private sector, 17 (22%) were from NGOs/CSOs, 13 (17%) and 11 (15%) were from academia and development partners, respectively (the remaining 10 (13%) were from other sectors).
The outcome of the meetings is summarized in Table 2 , according to the Shiffman and Smith's framework.
Actor power
Over the past decades, WHO, together with the Global Fund and the Stop TB partnership (STBP) have been the guiding institutions in the fight against TB. By publishing several guidelines and action plans including "the End TB Strategy" and "the Global Plan to End TB 2016 -2020", these organizations have contributed to enhancing policy community cohesion. Recently, WHO, the Global Fund and STBP launched a joint initiative titled "FIND. TREAT. ALL. #ENDTB," to scale up prevention and control of TB so as to secure adequate care for millions of TB patients. In addition to these efforts made by the WHO, the Global Fund and the STBP, experts at the two meetings emphasized the importance of contributions by community health workers, NGOs and the private sector. For example, community health workers including public health nurses played a significant role in the successful efforts to reduce the TB burden in Japan. Public health nurses, who were trained in patient-centered and human-rights based TB control programmes, delivered high quality care not only at the health facility level but also through a reach out to schools, work places and other community-based facilities. Their contribution to the disease detection and management resulted in the rapid decline in the TB prevalence in Japan. What was once 700/100,000 in 1950s, the prevalence rate declined annually by 10% between 1965 and 1978 (which is almost equal to the rate required to reach the global target by 2030) [9, 10] .
Another important actor is the private sector, which contributed to TB control by developing new vaccines, treatment and diagnostic tools, in particular for MDR-TB, and also devised public-private partnership. The Global Health Innovation Technology Fund (GHIT Fund) founded in 2012 by the Government of Japan together with pharmaceutical companies, the Bill and Melinda Gates Foundation, and the Wellcome Trust (joined in 2015), is one such example. GHIT Fund aims to promote the development of new medical products and support innovation that addresses the needs of developing countries. As of March 2018, GHIT Fund has invested USD 190 million in 74 partnership projects (12.5% of the fund was allocated to TB), in which the organization aims to address market failures and incentivize research and development (R&D).
The actor category also refers to civil society mobilization. A large number of NGOs, such as Médecins Sans Frontières (MSF), RESULTS and community organizations have been actively participating in grassroots activities. As of May 2018, about 80% of partners of STBP are NGOs and CSOs, which indicates an active participation of these organizations in the fight against TB.
Ideas
There are clear and well-established understanding of the causes of TB and models of interventions for reducing the Table 2 challenges and opportunities for tuberculosis   Category Challenges Opportunities Actor -The private sector has not been effectively involved in the control and treatment of TB.
-Three key organizations -WHO, the GF and the Stop TB partnership have been enhancing the policy community. -Most NGOs are facing a lack of financing, which may weaken their capacity for implementation.
-Active engagement of NGOs, CSOs and community organizations.
Ideas -Need to pay more attention to human-rights aspects of TB prevention and treatment.
-Clear and well-established models of the causes of TB and of interventions for reducing the TB burden.
-Well framed as security issues.
Political context -Given the increased number of health issues highlighted at UN highlevel meetings in recent years, it is uncertain how much impact such a meeting on TB has on the attention and priorities of the high-level leaders. TB burden. TB is caused by Mycobacterium tuberculosis and the standard treatment includes four antimicrobial drugs during a period of six months. The clear understanding of the cause and the treatment of this disease makes it easy for relevant stakeholders to unite around a common issue and potential solutions for it. The emergence of MDR-TB has successfully framed the disease as not only a health issue, but also a security issue. More than 30% of antimicrobial resistance (AMR) related deaths occur among MDR-TB patients [11] . With a global momentum for combating AMR on the rise, framing TB as AMR-related security issue could well-position TB for capturing political attention, especially from heads of states, foreign ministers, finance ministers, and trade and economy ministers.
Another issue that makes TB a health security concern is the increasing prevalence of TB among immigrants and migrants. For example, in Japan, which is an intermediate TB burden country, foreign-born TB cases increased from 842 in 2007 to 1101 cases in 2014, with the most prominent rise occurring among those aged 20-29 years from 21.2% in 2007 to 44.1% in 2014 [12, 13] . This trend can be seen in many developed countries [14] , and together with general concerns of increasing transnational movement of people, the idea of TB as a health security issue has now become widely recognized.
Political context
There is already a political support for the fight against TB: both MDGs and SDGs listed TB as priority. Moreover, the year of 2018 was a historical year in the combat against TB. At the 71st United Nations General Assembly in 2016, member states unanimously adopted the resolution A/RES/71/159 entitled "Global health and foreign policy: health employment and economic growth", in which it was decided to have a UN High-Level Meeting on TB in 2018. Following this resolution, the global ministerial conference on ending TB in the sustainable development era was held in Moscow in 2017. At the conference, health ministers adopted the "Moscow Declaration to End TB," which now constitutes the basis of the efforts to end the TB epidemic. In September of 2018 at the UN General Assembly, the heads of States adopted the "Political declaration of the high-level meeting of the General Assembly on the fight against tuberculosis," which called for a united and urgent global response to fight the epidemic and outlined concrete actions for increased investments and innovation. With the endorsement from the highest level of authorities by UN member states, the global commitment to fight the epidemic has never been higher.
Issue characteristic
As for severity of the disease, deaths due to TB now exceed that of HIV/AIDS, and TB is now the top infectious killer globally [4] . Moreover, TB affects children, and the issue of childhood TB has been raised among the international stakeholders, and described in the "Roadmap for Childhood Tuberculosis" report [15] . In 2016, less than half (43%) of the estimated 1 million children with TB were reported to national TB programmes, indicating that there is a large number of undiagnosed and insufficiently treated children [4] . As a result, 253,000 children died of TB. Unrecorded cases are also of concern among adults. The 6.4 million cases reported represented 64% of the estimated 10.0 million new case that occurred in 2017, indicating that there are many TB patients who have no access to health care facilities or proper diagnosing and treatment.
As for effective interventions, the standard treatment is to provide a six-months course of four antimicrobial drugs. In addition, a great progress has been made in the development of new TB drugs in recent years. We now have a three-months, once-weekly regimen for TB prevention (isoniazid and rifapentine), and a nine-months regimen that cure 80% of MDR-TB [16] . There are two additional drugs -bedaquiline and delamanid -which have been approved by regulatory authorities [16] . However, the pace for developing new drugs, vaccines and diagnostics is slow and fundamental changes in R&D are needed. BCG vaccine was first initiated for more than 7 decades ago. Though this vaccine has been widely used globally, there is no other new vaccine developed and more effective vaccine is needed. The WHO Global Tuberculosis Report estimates that during the 2016-2020 period, two billion USD per year is needed for global TB R&D, while there was only a maximum of 0.7 billion USD available each year during 2005-2015 [4] .
Another important aspect of TB is the huge financial burden it places on patients and their families. In addition to treatment costs, TB patients are required to take a leave of absence from work leading to risk of impoverishment [17] [18] [19] . Tanimura et al. reported in 2014 that the total cost of TB treatment was equivalent to 58 and 39% of reported annual individual and household income, respectively [20] . In the midst of increasing momentum toward Universal Health Coverage (UHC), providing financial risk protection for TB patients and their families is now of great concern.
Discussion
With regard to the actor category, key three organizations -the WHO, the GF and the STBP -have played important roles as guiding institutions in increasing cohesion around TB targets in the policy community. The private sector, NGOs and CSOs have played significant roles as well. However, challenges remain especially for the engagement of the private sector. Even if several private companies have joined the STBP, they constitute only around 7% of the STBP membership and a platform is lacking for the private sector to actively engage in the prevention and treatment of TB.
During the meetings that we organized in May 2018, several private companies emphasized the complexities behind varying drug regulatory and procurement systems per country that resulted in difficulties of introducing new medicines and tools for diagnosis in TB endemic countries. As the private sector plays an important role in promoting R&D on new drugs, vaccines and tools for diagnosis, it is crucial to create an environment that can maximize the benefits from private sector engagement. This would include adequate financing of R&D, simplified procurement systems by the WHO as well as in each country, and a global framework on drug regulatory and approval.
Civil society engagement is also a key to continuing and further scaling up of interventions on TB. Several NGOs and CSOs expressed strong concerns regarding inadequate financing for activities at the grassroots level. According to the WHO Global Tuberculosis Report, 9.2 billion USD per year is required for the implementation of TB interventions, while only 6.9 billion USD was available for countries to use in 2016, leaving a funding gap of 2.3 billion USD [4] . It is thus important to raise financial support for the fight against TB, and allocate these funds adequately into implementation activities at the grassroots level.
Regarding the idea category, participants of the meetings emphasized that TB should be regarded not only as an infectious disease but also as a health security issue, especially because TB is the only major drug resistant epidemic that is airborne. Moreover, a global increase in migration and immigration accelerates the spread of TB. The Ebola disease outbreak was perceived as a health security issue and caught significant political attention [21] . It would be a feasible strategy to also emphasize the security aspect of TB. In addition, unlike HIV/AIDS, TB is lacking the framework and recognition as a human rights issue [22] . TB requires long treatments and sometimes even isolation of patients, which can lead to stigmatization [23] . Such a stigmatization can delay or hinder the patients treatment seeking behavior. To overcome such social barriers, inclusion of human rights-based and patient centered approaches in framing of the disease would also be needed.
As for the political context, it is certain that TB now gets attention at the highest political level more than ever. Other health challenges such as HIV/AIDS, non-communicable diseases (NCDs), and AMR, caught attention from higher political level after being subject to UN high-level meetings and ministerial conferences. The UN High-Level Meeting on HIV/AIDS in 2001 was the first-ever high-level meeting dedicated to a health issue. Since then, health issues have appeared more frequently on the agenda of high-level meetings; HIV/ AIDS and AMR in 2016, TB and NCDs in 2018, and UHC in 2019. Given the increasing number of health issues highlighted in recent years, it is uncertain how much impact they have on the attention and priorities of the high-level leaders. UN high-level meeting on TB just finished in September 2018, and further monitoring is needed to ensure adequate political attention and financial resources for TB.
Moreover, just holding UN high-level meetings on TB is not enough; such meetings must be followed by actual commitments from heads of states. The fundamental challenges to TB entail the lack of financing. Being in the position to greatly influence financial priorities, it is important for the heads of states from low-and middle-income countries with moderate to high TB burden to put TB high on their country's agenda and increase domestic financing on TB control. In particular, countries that are transitioning away from Global Fund's support need to devise strategies for continued efforts using domestic financing. Heads of states from high-income countries need to raise additional financial support for TB control as well, including the contribution to the 6th replenishment of the Global Fund and to the Global Drug Facility (GDF) operated by the STBP.
Lastly with regard to issue characteristics, as pointed out during the meetings, childhood TB is now of great concern. When Japan successfully reduced the TB incidence between 1965 and 1978, the overall rate of incidence decline was 10%, while it was 15-30% among children [24] . The rate of decline in incidence for childhood TB is typically faster than the overall rate of decline. This metric could be used as an indicator for successful TB control. The global community is encouraged to set specific target for childhood TB. Moreover, child-friendly diagnostics and treatments are urgently needed. Although there are several new diagnostics and drugs that have been discovered in recent years, further efforts are needed for developing shorter and more simple drug regimens, especially for children. Experts from our meetings emphasized the importance and uniqueness of GHIT Fund activities and underscored the need for this kind of innovative public-private partnerships with a specific focus on R&D.
As to financial burden due to TB, Japan's experience would be of value for other countries. In Japan, universal health insurance was introduced in 1961 and public subsidy for TB patients (starting in 1951) played important roles for controlling the financial burden of TB patients. With the financial protection offered by health insurances, patients accessed health care facilities for diagnosis, and their treatment cost was fully funded by the government once they were diagnosed with TB [25] . Public subsidy also provided incentives to private health care facilities to enter TB control programs and contributed to enforce registration and standardization of TB treatment. This mixture of financial risk protectionuniversal insurance and public subsidy was the key driving force for Japan to reduce TB burden and to attain UHC. Research has shown that the majority of patients stopped their TB treatment before 6 months due to financial reasons [26] [27] [28] ; making systems for covering treatment costs important. Currently, the Global Fund supports the provision of TB diagnosis and treatment for free (similar to public subsidy in Japan), while most of the countries are now on the way toward creating universal health insurance. This good mixture -public subsidy and health insurance -are keys for success for TB control as well as attaining UHC.
Another remaining issue in the era of the SDGs is to address the missing cases and TB patients in vulnerable populations-"the last one mile". As the population constituting "the last one mile" differs across countries, each country needs to identify its vulnerable populations. Addressing "the last one mile" requires a comprehensive set of efforts including adequate medicines and diagnostic tools as well as accessible and accurate information.
Limitations of this study
As we only focused on challenges and opportunities for TB control raised during the two expert meetings, this manuscript does not cover all the challenges TB control faces. For example, latent tuberculosis infection (LTBI) is now of great concern, especially in aging population, but we did not discuss anything about LTBI in this manuscript. In addition, majority of participants from the two expert meetings are Japanese. Although Japan is an intermediate burden country, there was no experts attending from low-or middle-income countries nor TB high-burden countries. Further researches are needed with more diverse stakeholders.
Conclusion
In 2018, 136 years have passed since the discovery of Mycobacterium Tuberculosis by Robert Koch as well as 25 years since the WHO declared TB as a global health emergency. Significant progress has been made in the fight against the disease, especially since the creation of the Global Fund and the STBP. However, several challenges remain. This year is a historical year for the prevention and control of TB and is crucial for attaining the goal of ending the epidemic by 2030. 
